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Introduction
Rheumatoid arthritis (RA) is an autoimmune disease characterised by a chronic inflammation of the synovial tissue that leads to progressive joint destruction. 1 Among the cells located in the inflamed joint, synovial fibroblasts are crucial players driving inflammation and bone erosion. 2 IL-34, 3 basically described as promoting monocyte proliferation and survival, and osteoclast differentiation, 4 is expressed by synovial fibroblasts of RA patients. Its expression, correlated with inflammation, the number of leucocytes and the severity of the synovitis, is upregulated by TNFα and IL-1β. 5 TGF-βs and BMPs, are proteins involved in control of many biological processes such as cell proliferation and differentiation. The importance of TGF-β for the pathogenesis of arthritis is emphasized by several observations made in patients and in animal models. 6 TGF-β1 and its receptors TβRII were detected at high levels in the synovial fibroblasts of RA patients and in RA synovial fluids. [7] [8] [9] In this context, numerous studies have demonstrated the beneficial effects of TGF-β in RA. 6 TGF-β1 suppresses acute and chronic arthritis in experimental models, and a strong increase of TGF-β1 expression was measured in the remission state of disease. 10 Much less data exist regarding the role of BMP during the pathogenesis of RA. However, increasing evidences suggest that BMPs, known to play a crucial role in skeletal development, could play a major role in RA to restore function of synovial joints. 11 In this study, we hypothesised that IL-34 expression could be modulated by TGF-β1
and BMP-2.
Synovial fluid
Synovial fluids were obtained in the Rheumatologist Unit of Nantes University
Hospital. The clinical characteristics of patients are summarized in Table 1 and TGF-β1).
Cell cultures
Synovial fibroblasts, obtained from the synovial tissue of RA patients, and mouse C3H10T1/2 mesenchymal stem cells (MSCs), purchased from the ATCC (CCL-226),
were cultured in alpha-MEM (Invitrogen) supplemented with 10% fetal bovine serum (Hyclone Perbio). TGF-β1 and BMP-2 were purchased from R&D System. ALK1
inhibitor (LDN 212854) and ALK5 inhibitor (SB431542) were purchased from Sigma.
Reverse transcription PCR analysis
RNA was extracted using the NucleoSpin RNAII kit (Macherey-Nagel). One microgram of total RNA was used for first strand cDNA synthesis using ThermoScript RT-PCR System (Invitrogen, Carlsbad, CA, USA). DNase I treatment (25 units, 15 min) of total RNA was performed to eliminate genomic contamination..
Real-time PCR was performed with a Chromo4 instrument (Biorad) using SYBR Green Supermix reagents (Biorad). Primer sequences were described in Table 2 .
Western blot
Western Blot analyses were performed as previously described. 4 antibodies.
Confocal microcopy experiments
Cell cultures, treated with TNF-α (10 ng/mL), and TGF-β1 (10 ng/mL) for 24h, were fixed and stained with the primary antibody against IL-34 (Diaclone, INSERM UMR 957) as previously described. 12 
Statistical analysis
The Spearman test was use to look for a correlation between IL-34 expression and the diagnosis. Kruskal Wallis test was used to assess the change in gene
expression. An alpha level of 0.05 was chosen to assess statistical significance.
Results

Increased production of IL-34 and TGF-β1 in RA synovial fluids
The expression of IL-34, TGF-β1 and BMP-2 was detected in synovial fluids of RA patients (n=44, Figure 1A ). IL-34 and TGF-β1 levels were associated with the inflammation intensity measured by the leukocyte counts ( Figure 1B 
TGF-β1 inhibits IL-34 expression in inflammatory conditions
Since pro-inflammatory cytokines such as IL-1β and TNF-α play a crucial role in RA and since we previously demonstrated that TNF-α induces IL-34 expression, 5 we studied the effect of TGF-β1 and BMP-2 in inflammatory conditions. To this end, cells
were treated with TNF-α. As shown in Figure 4 , TGF-β1 ( Figure 4A ) and BMP-2 ( Figure 4B ) significantly reduce the response of the cells to TNF-α. Specifically, TGF-β1 and BMP-2 repress the basal levels of IL-34 rather than directly the response of the cells to TNF-α. Confocal microscopy analyses confirmed that IL-34 production paralleled the modulation of IL-34 mRNA ( Figure 4C ). Specifically, TNF-α treatment resulted in an increase of IL-34 production in contrast to TGF-β1 which markedly reduced it. To ascertain this results on protein level, we quantified the IL-34 production by ELISA approach. As shown in Figure 4D , …..
Discussion
Scientific studies have focused on the complex role of cytokines in the development and progression of RA. During the last decade, it has been demonstrated that proinflammatory cytokines such as TNF-α or IL-1β play a crucial role in the pathophysiology of RA. These cytokines indeed promote inflammation and osteoclastogenesis in the arthritic joint leading to the destruction of cartilage and bone. 13 In this context, neutralizing TNF-α has proven successful to control RA in many cases. 13 A: mMSC were incubated with SB431542 (10 µM) or LDN212854 (10 nM). 1h after, BMP-2 (100 ng/mL) or TGF-β1 (10 ng/mL) was added for 1h. Phospho-Smad levels were detected by Western Blot. Histogramms represent the ratio of the phosphoSmad to the total Smad protein levels.
B: mMSC were incubated with SB431542 (10 µM) or LDN212854 (10 nM). 1h after, BMP-2 (100 ng/mL) or TGF-β1 (10 ng/mL) was added for 8h. Il-34 mRNA levels were determined by RT-qPCR. (means ± S.D., n=3, *p<0.05, ***p<0.001).
C and D: synovial fibroblasts from two patient (P1 and P2) were incubated with SB431542 (10 µM, C) or LDN212854 (10 nM, D). 1h after, BMP-2 (100 ng/mL) or TGF-β1 (10 ng/mL) was added for 8h. Il-34 mRNA levels were determined by RTqPCR. 
